INTRODUCTION
Very little is known about the relationship in insects between female size and egg size (e.g. Price and Wilson, 1976; Wiklund and Karlsson, 1988) or how that relationship responds to selection pressures imposed by changing ecological and physiological environments (e.g. Moore and Singer, 1987) . A few studies have, however, documented some of the fitness consequences of variation in egg size. For example, offspring from larger eggs may hatch more successfully (Richards and Meyers, 1980) , develop more rapidly (Steinwascher, 1984) , or attain larger size (Johnson, 1982) .
Assuming that egg size is positively correlated with offspring fitness, an optimal egg and clutch size may evolve (Smith and Fretwell, 1974) . The optimum may depend on the degree and nature of larval competition  Ives, 1989) , relative safety of egg versus larval stages (Shine, 1989; Nassbaum and Schultz, 1989) , or variation in quality of larval habitats (Capinera, 1979; McGinley et al., 1987) . In addition, the optimum may vary from female to female within a population as a consequence of differences in body size and foraging efficiency Shine 1988 Cartons with fifth instar nymphs were checked daily for adults which were then sequestered by sex. Because adults do not mate until they are over 1 week old (Harris and Todd, 1980) , there was no opportunity for females to mate within rearing cartons.
Mating and maintenance offemales.
One male and 1 female, each 10-d-old virgin adults, were placed in l-liter jars that served as mating chambers. In all cases, the males and females that were housed together were derived from different mothers. Otherwise, individuals were assigned to mating chambers randomly and without regard to size. Each mating chamber was stocked with 2 pole beans. Once a pair had terminated copulation, the female was removed from the mating chamber to a 1/2-liter carton (oviposition carton). Male and female size (width across the pronotum at the humeral angles) was measured to the nearest 0.125 mm with an ocular micrometer on a dissecting scope.
Females were allotted 1 month in which to initiate copulation. Mating activity was checked 1, 6, and 12 h into photophase. Since the duration of copulation averages 30-40 h (Harris and Todd, 1980) it is unlikely that many, if any, matings went undetected. No egg masses were found in mating chambers although over 60% of oviposition occurs within 1 d of the termination of copulation (Harris and Todd, 1980 For some analyses, egg sizes were converted to relative sizes (i.e., Yij/y.j where Yij is the size of egg of female and y.j is the mean egg size for female j). Thus, variation in egg size associated with placement in the mass or associated with egg mass number (e.g. first versus tenth mass laid) is not confounded with variation between females in egg size.
The joint effects of independent variables on egg size were tested with multivariate general linear hypotheses of the form: egg size constant + T + T 2 + + T n + E + E 2 + + E n, where T is a category variable (e.g., egg mass number) and E is a continuous variable (e.g. female size). Statistical analyses were performed on a microcomputer using the Systat system for statistics (Wilkinson, 1987) . In linear models, we report only variables contributing significantly to explained variation (= R2). Absence of interaction terms connotes an absence of significance. Interaction between variance sources I and J is indicated as (I)*(J) in models below. For univariate models, significance of the Pearson's correlation coefficient, r, is tested with a t-test (Edwards, 1985) .
Since multiple eggs were measured or hatched for each female (mother) in 1988 and 1990 , there is potential for degrees of freedom to be inflated by nonindependent data points. Therefore, all ANOVA tests and ANCOVA models include "mother" and its interaction terms as sources of variation to group data within females. This reduces the error degrees of freedom and increases the error mean square. Progeny fitness and egg size.
Male and female progeny differed in adult size (female larger) and rate of development (female slower) (Table 3) . Therefore, effects of egg size are treated separately for each sex. The sexes did not differ, however, with regard to egg size, although the interaction (mother)*(sex) was significant ( For both males and females, egg size within an egg mass was significantly positively correlated with adult size and significantly negatively correlated with development time (Table 4 ; Fig. 4 (Table 5 ). The slope of the regression of egg size on development time and the intercept of the regression varied as a function of mother (Table 5 ; Fig. 7 ). Mother had a similar effect on the regression between egg size and adult size (Table 5 : Fig. 8 ). It is important to note that there is no significant additive genetic variation for size under the experimental conditions (McLain, 1991 We analyze a simple model developed only to determine if a rise in the probability of death, such as might occur with aging, selects for a facultative increase in investment per egg when clutch size is constant. We assume that to invest additional resources per gamete, females increase their mortality risk for the near future and are, therefore, likely to lay fewer masses as investment per egg increases. In southern green stink bugs, the probability of laying a successive mass does decrease for later clutches (McLain et al., 1990a) , coincident with an increase in egg size. We assume that females acquire resources and allocate them to gametes and various maintenance functions. Total resources allocated to gametes is ct, where t is the investment per gamete and c is clutch size (a constant). Also, we assume that the survival probability of nymphs, f(t), is a positive function of t, with an asymptote of 1 while the survival probability of females, p(t), is a declining function of t (because clutch size is constant and Psyche [Vol. 98 resources are limiting); f(t) k/[k + bt] and p(t) t/j d where b, d, and k are constants. The term d represents the mortality source independent of investment in gametes and has a value between 0 and 1. The question we address is whether or not should increase if the value of d increases at some point in time; i.e. should females invest more per gamete as probability of survival decreases.
Female fitness is w cf(t)p(t) + cf(t)p(t) 2 + + cf(t)p(t)n, the probability of surviving to lay n clutches of size c with offspring of fitness f(t). This infinite series reduces to: (McLain et al., 1990a) and between male size and mating/fertilization success (McLain, 1980; McLain, 1985; McLain et al., 1990b) . Faster rates of development may translate into reduced exposure to mortality agents during development and increased opportunities to reproduce as an adult. Also, other fitness components may be positively correlated with egg size (reviewed in McGinley et al., 1987; Shine, 1989 ; but for exceptions see Wiklund, 1984, 1985; Wiklund and Karlsson, 1984; Wiklund and Persson, 1983) . Thus, variation in egg size within and among females can have important fitness consequences and, in the cases examined, larger eggs confer a fitness advantage. Selection favoring larger eggs is further suggested by the observation that in older females egg size does not decrease (see also Gaugler and Brooks, 1975; Price and Liou, 1989) although total allocation to reproduction decreases by several fold (McLain et al., 1990a) .
Greater nutrient stores in larger eggs may permit nymphs to hatch at a larger size, resulting in increased mobility in the search for food and increased stamina in the absence of food. Also, larger eggs may be more resistant to drying under conditions of low relative humidity.
Variation in egg size between females.
No doubt there are constraints on the evolution of ever larger eggs including the number of progeny that could then be produced on a limited allocation to reproductive effort, the ability of a small body to lay large eggs, and correlations between egg size and attractiveness to predators and parasites. Given opposing selective pressures, questions arise: (1) Egg size varies within and between females. The magnitude of variation in egg size is comparable to that for body size, relative to respective mean size. Typically, relative variation in egg size is small compared to variation in body characters (Capinera, 1979 ).
This suggests that there is not strong stabilizing selection for an optimal egg size (see Smith and Fretwell, 1974) . Since variation within females accounts for about one-half of the observed variation in egg size, it is unlikely that different single optima are strongly selected in different females (see Parker and Begon, 1986) . Single optima may be selectively favored if: (1) egg size is positively and consistently correlated with progeny fitness, and (2) Psyche [Vol. 98 egg size is inversely correlated with the number that can be produced (Smith and Fretwell, 1974 ). The results demonstrate that egg size is positively correlated with components of offspring fitness (mortality rate, size, development time) and that there is a significant, if only weak, relationship between egg size and number of eggs per mass. Thus, variation in egg size requires examination.
Variation within females may represent bet-hedging, a strategy in which mean offspring fitness in any single environment is sacrificed in favor of high variance in offspring fitness across environments. Bet-hedging represents selection for higher geometric mean fitness across multiple, randomly-encountered environments (Philippi and Seger, 1989) . Thus, if larger eggs were favored in one environment and small eggs in another, females might be selected to produce both large and small eggs if the environment changes or if it is not possible to predict or ascertain relevant environmental parameters. Also, canalizing selection for an optimal egg size may be weakened by variation within any given environment (Capinera, 1979; Kaplan and Cooper, 1984; McGinley et al., 1987) .
Variation between females accounts for approximately one-half of the total variation in egg size. Female health and physiological state are implicated in between-female variation in egg size since the slope between egg size and female size varies as a function of the ultimate number of masses laid (which is proportional to longevity; McLain et al., 1990a) . Healthier females may have more resources to invest in eggs (e.g. Moore and Singer, 1987) . Differences in physiological condition may also explain between-female variation in the correlation between egg size and progeny size or development rate even when the egg mass number (in the sequence laid) is held constant.
Approximately one-third of the between-female variation is explained by differences in female size and may, therefore, simply reflect isometric scaling (Wiklund et al., 1987; Shine, 1988) . Isometric scaling can, nonetheless, have multiple effects on evolutionary dynamics, affecting the rate and direction of phenotypic change in adaptive and maladaptive ways, if egg size influences offspring fitness (Kirkpatrick and Lande, 1989) . However, such scaling does not explain the observation that egg size loses its correlation with body size for later masses and that most females produce larger eggs in later masses.
If the rate at which food is ingested and converted to eggs varies with female size, larger females may experience selection to produce larger eggs Begon, 1985) , especially if (1) absolute and relative egg size affect progeny fitness (e.g. Wellington, 1957; Greenblatt and Witter, 1976) and (2) also Capinera et al., 1977; Wellington and Maelzer, 1967) . Variation in egg size is associated with differential provisioning and may simply reflect availability of resources during the period when ova are maturing. This proximate explanation is unlikely to apply to the present case since females experienced a food supply of consistently high quality. Thus, egg size variation, which leads to variation in offspring size and developmental rate, may reflect a history of selection for bethedging imposed by habitats that vary in space or time (Capinera, 1979; Kaplan and Cooper, 1984; McGinley et al., 1987) . Variation in offspring size due to egg size variation may give rise to Psyche [Vol. 98 offspring variation in mobility, social behavior, and resource needs (e.g. Wellington, 1964 Wellington, , 1965 Leonard, 1970a,b; Capinera and Barbosa, 1976; Uvarov, 1961; Sinervo and Huey, 1990 (Hokyo and Kiritani, 1966; . N viridula eggs are attacked by parasitic scelionid wasps and a variety of predators (Buschman and Whitcomb, 1980; Orr et al., 1986; Moreira and Becker, 1986a,b,c) . Since egg mortality rates due to predators and parasites may exceed 40% (Moreira and Becket, 1986a) , selection to reduce investment in susceptible offspring may be strong.
The pattern of egg deposition permits females to bias the placement of relatively small eggs. A simple behavioral mechanism is capable of biasing the outer rows with smaller eggs provided, of course, that females can assess egg size and make decisions based on the assessment (Fig. 9B-D) . As an ovipositing female approaches the mass axis, she needs to assess the relative size of the next egg to be laid. If the egg is small, she could cut the row short and begin a new row, either parallel or across the axis, with the small egg (The mirroring rows would then be compensatorily longer and no gap would be present in the egg mass). Females with a large egg at the axis could cross the axis instead of beginning a new row, provided that continuing across the axis still permits placement of the egg adjacent to two other eggs. As the proportion of small eggs increases (e.g. 33% to 50% in Fig. 9C ), the potential to bias the outer row increases. Also, long, narrow masses with shorter oblique, parallel rows provide more opportunity for decisions and should on average allow greater bias (This is observed). If small eggs are encountered regularly instead of at random the potential for bias is further increased (Fig. 9D) . Finally, the outer rows on two of the faces of a hexagonal mass are the last to be laid. Thus, if the last eggs produced are smaller, some bias will occur without decision making by the female. If the number of these small eggs is relatively large, then a more rounded (versus elongate) mass would lead to a greater bias of small eggs on the mass periphery.
Egg size increased in later egg masses and lost its correlation with female size as most females began producing relatively large eggs. This contrasts with other species of insects studied where egg size decreases with maternal age (Jones et al., 1982; Murphy et al., 1983; Wiklund and Persson, 1983; Wiklund, 1984, 1985) . Also, theoretical models predict declining egg size with age if clutch size is constrained and female mortality is ageindependent ). However, in a variety of vertebrates, investment per offspring increases with increasing maternal age when mortality is age-dependent (reviewed in Trivers, 1985) . Thus, the fitness consequences of extra investment in current offspring can outweigh reduced ability to invest in future offspring when the probability of future offspring is relatively low.
The model developed above (see Results) indicates that any increase in reproduction-independent mortality selects for greater investment per gamete even if increased investment in gametes further reduces long-term survival of females. There are a number of factors that could cause the probability of survival to decline. Risk of parasitization, and population density increase seasonally (McLain et al., 1990b; Todd, 1989 ; see also Ives, 1989) while host plant quality may decline. Note that these same factors select for larger egg size (see discussion above). General vigor of females may also decline with age (McLain et al., 1990a) , perhaps reflecting prior allocation to both gamete-dependent and -independent physiological demands.
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Egg size is positively correlated with the survival and potential for reproductive success of progeny under at least some conditions. Yet, egg size varies significantly between and within females. This suggests that conditions favoring relatively large eggs are not consistently encountered and that, therefore, natural selection has favored the production of eggs of. variable size. Apparently at least some of the observed variation between and within females reflects an adaptive response to prevailing social and physiological conditions. Prior selection on egg size imposed by habitat variation and mortality agents may further explain variation and patterns of variation in egg size within and between females. Thus, an optimum range in egg size may have been favored as a bet-hedging strategy that, nonetheless, permits adaptive adjustment of mean egg size in response to varying local conditions.
Since much of the variation between individuals in fitness components is attributable to effects of the mother, it appears that egg quality has a component independent of egg size. This may simply reflect genotypic differences among progeny inherited from their mothers. Alternatively, differential nutrient packaging may occur, allowing females a further adaptive response to changing conditions. As of now, there is no evidence that yolk supplies differ as a function of female size or physiological state nor that females optimize the product of nutritive quality and egg number. Nonetheless, if egg nutritional quality varies and impacts components of offspring fitness, selection may effect a balance between nutrient quality and egg number since both quantities would impact limited energy reserves.
SUMMARY
In the southern green stink bug, Nezara viridula, the coefficient of variation for egg size (diameter) is 98% that of female size. Differences in egg size among females account for 57% of the total variation in egg size, with female size accounting for 36% of the variation between females in mean egg size. Male (mate) size also accounts for some of the between-female variation in egg size. Within-female variation in egg size is associated with placement of eggs in the egg mass; eggs in the interior of masses are larger than those on the periphery (explaining 3% of variation). An additional 20% of the within-female variation is explained by egg mass number (e.g. first, fifth, tenth, or fifteenth mass laid); eggs in later masses were larger. Larger eggs were more likely to hatch under adverse conditions (lower humidity), whether located within the egg mass or on its periphery. Within a single egg mass, progeny from larger eggs matured more quickly and attained larger size. Survival rate from egg hatch to adulthood was positively correlated with egg size under harsh (mortality 41%) but not benign conditions (mortality 29%). Survival rate was higher for eggs in the interior of masses. Positive correlations between egg size and components of offspring fitness suggest adaptive hypotheses for observed variation in egg size. Laboratory correlation between egg size and population density also suggests that egg size experiences strong selection. Competition for food among offspring, heterogeneity in habitat quality, egg predation, and age-dependent mortality are posited as the selection pressures constraining egg size and variation in egg size.
